INTRODUCTION
WITH THE INCREASING POPULARITY in the use of light planes of anaesthesia combined with muscle relaxants there has been a progressive increase in the incidence of awareness during anaesthesia. 1 " 9 This problem is related, in part, to loss of the character of respiration and the degree of muscle relaxation as signs of anaesthetic depth. A more objective and reliable method of monitoring anaesthetic depth, other than by the remaining clinical signs, would appear to be helpful. One approach to this problem has been to use the electroencephalogram.
The first studies into the effect of anaesthetic agents on the EEG was reported in 1937 by Gibbs et al., 10 but it was not until Courtin and his associates 11 related seven distinctive electroencephalographic patterns to various levels of anaesthetic depth that the EEG became of interest as a possible measure of anaesthetic depth. There has subsequently been considerable research into the gross EEG tracings as affected by various anaesthetic procedures and agents. 12 " 15 However, this gross visual analysis of the EEG as a monitor of anaesthetic depth requires a high degree of skill in the interpretation of recordings and even where these conditions were met the EEG was found to be unreliable for a variety of reasons.
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One of these difficulties is the high degree of variability in the interpretation of the EEG among even expert electroencephalographers. A recent study of the reliability of visual EEG assessment by Volavka et aZ. 17 has shown that the highest average correlation reported between seven experienced readers was only 56 per cent.
The development of power spectral analysis of the EEG using digital computer techniques 17 " 22 has led to renewed interest in the EEG as an aid in the monitoring of anaesthetic depth, 23 " 27 the state of cerebral cortical function under cardiopulmonary by-pass, 28 and in the diagnosis of certain neurological diseases. 29 The computer is programmed first to compute the EEG power spectrum and then to extract various features from each power spectrum. The features thus extracted are used by the computer to classify that particular EEG segment and to compare it to the clinically determined level of anaesthesia.
Some clarification of the concept of EEG power spectral analysis and feature extraction may be useful. Figure 1 shows a power spectrum calculated from a 64-second segment of EEG activity. The spectrum, along the horizontal axis, is simply the range of frequencies found in the EEG signal. The power, along the vertical 
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a. axis, is the relative intensity of the electrical signal in each frequency being considered. Examples of several features which might be extracted from this power spectrum are the electrical energy in the delta, theta, alpha, or beta range of EEG frequencies. These features are represented by the area below the curve in each of the appropriate frequency ranges as shown in Figure 1 . The collection of features is then used to discriminate among different power spectra.
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The features chosen for analysis in our study (Table I) are based on the features that a clinical electroencephalographer would find useful in determining changing levels of anaesthesia from EEG recordings.
METHODS
Data were obtained from 9 male and 17 female patients (ASA status I and II) ranging in age from 20 to 74 years. All patients were jyremedicated with standard doses of narcotic-belladona combinations. Induction was with thiopentone and intubation was facilitated by succinylcholine. Tubocurarine and nitrous oxideoxygen (4-2L/min) was given in conjunction with alphaprodine, which was administered in small increments as required to maintain surgical anaesthesia. Ventilation by a Bird Mark 8 respirator was adjusted to maintain an end-tidal concentration between 35 and 45 Torr. The scalp electrodes were the Grass gold-plated cup type, and were placed in accordance with the International Ten-Twenty System. 30 EEG recordings were obtained from F 3 -C 3 , C3 -Oi, F 4 -C 4 and C 4 -O 2 placements.
A Beckman eight-channel electroencephalograph, with a time constant setting of 0.3 sec and the low-pass filter set at 50 Hz, was used for amplification and recording of the EEG activity. The EEG data were stored for later analysis on magnetic tape with a Hewlett-Packard 3960 four-channel FM instrumentation tape recorder.
The end-tidal CO 2 concentration was measured by means of a Beckman LB-1 infra-red CO2 analyzer with the tidal sample drawn from a plastic catheter placed 6 cm down the lumen of the tracheal tube.
Baseline EEG patterns were obtained on all patients prior to premedication and then a continuous EEG tracing was recorded throughout the entire anaesthetic period. Approximately every five minutes a clinical estimation of the depth of anaesthesia was made by the anaesthetist and the corresponding 64-second segment of EEG activity was labelled.
Subjective bias in the clinical classification of depth of anaesthesia by the anaesthetist was eliminated by basing the classification completely on three objective patient signs. Patient movement, if any, and the degree of change in arterial blood pressure and heart rate in response to surgical stimulation were the three clinical criteria used in classifying the depth of anaesthesia into one of the five levels defined in Table II. DATA ANALYSIS All the labelled 64-second EEG segments were separated from the rest and inspected for any electrical interference or artifacts. A total of 341 useable samples were retained for analysis. A schematic representation of the method of data analysis is presented in Figure 2 .
Next, the data are pre-processed, which involves the filtering out of unrelated activity due to interference and artifact. The computer then calculates the power spectrum from each 64-second segment of EEG activity and extracts a specified set of features from each spectrum. In this manner, the computer builds up a memory of features from each of the clinical anaesthetic depth levels. Based on this memory of feature characteristics of each of the clinical levels the computer is programmed to classify an unknown segment of EEG activity into one of the five clinical levels of anaesthetic depth.
RESULTS AND DISCUSSION '
The criterion for assessing the performance of this computer-based system was chosen to be the probability of a misclassification error, i.e. the probability that the , system incorrectly estimate the level of anaesthesia when processing new EEG data. Estimates of performance were obtained by two techniques known as the "U* Technique" and the "11° Technique." 22 
,
The performance of our system was estimated to be 55 per cent by the n* Tech-< nique and 80 per cent by the U* Technique. This means that when a new patient's EEG is analysed by such a system, we can expect that between 55 and 80 per cent of the samples tested will be correctly classified. This range is perhaps wider than expected, but it must be pointed out that even the lower estimate of performance is comparable to the performance achieved by experienced electroencephalog-* raphers analyzing gross EEG activity. 17 Furthermore, the implementation of * several changes, as listed in Table III, of the data base, by adding more subjects to the study, should result in a larger and more reliable collection of spectral features stored in the computer. In addition, the inclusion of new EEG features may help to discriminate more accurately among the levels of anaesthesia, as may the study of the EEG activity from additional EEG channels. 32 Decreasing the length of the EEG segments under consideration should lessen the possibility of any changes in anaesthesia depth while the segments are being analyzed, yet should still allow the computer to keep up with all the computations required to make consecutive estimations of anaesthesia depth from successive EEG segments. Finally, preliminary analysis of data using another analytic technique involving time-domain analysis 31 (a method of analysis not requiring the computation of power spectra) indicated that it could be as reliable as spectral analysis and requires much less computation. These modifications are being investigated in our continuing research.
Based on this initial study into spectral analysis of the EEG, a system of on-line monitoring of patients in the operating rooms is currently being developed. This system is outlined schematically in Figure 3 . The patient's EEG activity is amplified, filtered, and transmitted by cable to the computer laboratory. Here the EEG signal passes through the digitizer and into the computer where it is analyzed. The output from the computer, which consists of the estimated level of anaesthesia, is then transmitted back by cable to a visual display in the operating room.
CONCLUSIONS AND SUMMARY
The feasibility of using computer-based EEG spectral analysis to monitor the level of anaesthesia during nitrous oxide-alphaprodine anaesthesia has been established by this study. At present, this system is capable of estimating the level of anaesthesia correctly from 55 per cent to 80 per cent of the time. There are several possible clinical applications of such a monitoring system during anaesthesia.
It provides a continuous estimation of the depth of anaesthesia, without requiring any special EEG training on the part of the anaesthetist. This system can also be of particular benefit during anaesthesia for critically ill patients, or in specific cases, as in neurosurgery and caesarian section when there may be periods of time when the gross clinical evaluation of depth of anaesthesia may not be precise or reliable and yet it is imperative not to deepen the anaesthesia unnecessarily. In such instances it appears that a monitoring system such as we have developed could provide valuable indication of the depth of anaesthesia. Other potential applications might be in the training of students in the clinical assessment of patients during anaesthesia and in the study of new anaesthetic agents. ,
